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into said mixing vessel whereby said mixture is continuously formed throughout said period, the mixture as 
formed is continuously withdrawn from said vessel throughout said period to provide a continuous supply 
flow thereof at a rate equal to the sum of the flow rates of the components, and wherein the polysaccharide 
polymer has a molecular weight of no more than 4,000,000, the diluent for the resin comprises a diluent 

5 reactive with the epoxy resin component and a diluent non-reactive with the epoxy resin component 
whereby the viscosity of the resin composition is in the range 100 to 800 centi poises (0.1 to 0.8 Pa s) and 
the amount of resin composition is from 1 to 20 weight parts per 100 weight parts of particulate material. 

By the present invention, a method of rapidly and continuously forming a consolidatabie, resin-coated, 
particulate material in the presence of an aqueous gelled carrier liquid is provided to produce a gelled 

w carrier liquid containing the coated particulate material suspended therein; the suspension can be continu- 
ously introduced into a subterranean zone over an extended period of time. 

In accordance with the method of the present invention, a continuous stream of particulate material, e.g. 
sand, is coated with a continuous stream of resin as the two streams mix. and the coated particulate 
material so formed is simultaneously suspended in a gelled aqueous carrier liquid. The resin has a 

75 sufficiently long curing or working time to enable continuous deposition of the suspension of gelled aqueous 
carrier liquid and coated particulate material in a desired location of a subterranean zone. Subsequent 
hardening of the resin in the zone produces the desired hard permeable mass of consolidated particulate 
material. 

The gelled aqueous carrier liquids utilized in this invention are formed by hydrating polysaccharide 

20 polymer gelling agents preferably in fresh water, brine or seawater. The polysaccharide polymer gelling 
agents have molecular weights in the range of from 100,000 to 4,000,000, preferably from about 600,000 to 
about 2,400,000, and are preferably cellulose or guar derivatives. The polymers include substituents such 
as hydroxy ethyl to give the necessary water hydration and gel characteristics to produce a clear aqueous 
gel having a viscosity of at least about 30 centipoises (.03 Pa s) as measured on Fann V.G. meter at 300 

25 rpm. Preferred polymers include substituted carboxy and hydroxy alkyl cellulose, such as hydroxyethylcel- 
lulose and carboxymethylhydroxyethylcellulose, and substituted hydroxy alkyl guar, such as hydroxypropyl- 
guar. Most preferably, the gelling agent is hydroxypropylguar or carboxymethylhydroxypropyl guar having a 
molecular weight in the range of from 100,000 to 4,000,000, and having a propylene oxide substitution 
(D.S.) of about 0.1 to about 0.7 moles propylene oxide per mole of mannose and galactose in the guar. 

30 The gelled aqueous carrier liquid is preferably prepared by combining the polysaccharide polymer 
utilized with the aqueous liquid used in an amount in the range of from about 20 to about 120 pounds of 
polymer per 1,000 gallons (2.4 to 14.4 kg/m 3 ) of water, brine or seawater to form a gelled aqueous liquid 
having a viscosity in the range of from about 10 centipoises to about 400 centipoises (0.01 to 0.4 Pa s). 
Most preferably the gelled aqueous carrier liquid includes from about 30 to about 83 pounds of gelling 

35 agent per 1000 gallons (3.6 to 9.6 kg/m 3 ) of water, brine or seawater, and has a viscosity of from about 15 
to about 100 centipoises (.015 to 0.1 Pa s). 

The gelled aqueous carrier liquid preferably contains a gel breaker which serves to reduce the viscosity 
of the gel at a time substantially coincident with the completion of the placement of the coated particulate 
material at the desired location in a subterranean formation. That is, the gel breaker causes the gelled 

40 carrier liquid to revert to a low viscosity liquid which readily separates from the deposited particulate 
material and leaks-off into permeable strata surrounding the deposit location. 

As mentioned above, breaking the gelled carrier liquid allows it to separate from the particulate material 
and enter or filter into permeable strata adjacent the deposit location. While a variety of gel breakers which 
are well known in the prior art can be utilized, an enzyme-type breaker such as cellulase for a substituted 

46 cellulose gelling agent and a hemi-cellulase for a substituted galactomannan gelling agent are preferred. 

As is well known in the art, relatively small quantities of the enzyme breaker used are generally 
required, but as is well known in the art, the particular quantity depends upon the pH, temperature, and 
specific time period required between addition of the gel breaker and the breaking of the gel. As will be 
understood, the greater the quantity of gel breaker used, the shorter will be such time period. 

so The gelled aqueous carrier liquid containing the coated sand can be crosslinked to increase its viscosity 
if desired. 

A variety of surface active agents can be uUUzed to promote substantially instantaneous coating of 
particulate material with the resin in the presence of a gelled aqueous carrier liquid, but the preferred 
surface active agent is a mixture of one or more cationic surface active agents and one or more non- 
55 cationic surface active agents. As used herein, a norvcationic surface active agent includes a blend of 
anionic and non-ionic surface active agents. 

A surface active agent is the ingredient necessary to produce the substantially instantaneous coating of 
the particulate material with the epoxy resin in the presence of the gelled aqueous carrier liquid. A non- 
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Company of Houston, Texas, under the trade name EPON 828. EPON 828 resin exhibits good temperature 
stability and chemical resistance and has a viscosity of about 15,000 centipoises (15 Pa s). 

In one preferred embodiment, the solvent system is comprised of a first, polar, organic diluent which, in 
ail cases, is miscible with and reactive with the polyepoxide resin and substantially immiscible with water, 

5 and a second polar, organic, diluent which, in all cases, is miscible with but substantially non-reactive with 
the polyepoxide resin. The first and second diluents are present in the resin composition in amounts 
sufficient to adjust the viscosity of the resin composition to a level in the range of from about 100 
centipoises to about 800 centipoises (0.1 to 0.8 Pa s). 

The first polar organic diluent is present in the resin composition in the range of from 2 to 35, 

10 preferably from 15 to 30, and most preferably about 28 parts by weight per 100 parts by weight of the 
epoxy resin component. The second polar organic diluent is present in the resin composition in the range of 
from 4 to 20, preferably from 8 to 15 and most preferably about 10 parts by weight per 100 parts by weight 
of the epoxy resin component. 

In a more preferred system, the second polar organic diluent is also substantially immiscible with water. 

15 The preferred first polar organic diluent which is reactive with the epoxy resin component is selected 
from the group consisting of butyl glycidyl ether, cresol glycidyl ether, allyl glycidyl ether, phenyl glycidyl 
ether or any other glycidyl ether which is miscible with the epoxy resin. Of these, butyl glycidyl ether and 
ortho-cresol glycidyl ether are the most preferred. The reactive diluent reacts with the hardening agent and 
also functions to reduce the viscosity of the epoxy resin. 

20 The second polar organic diluent which is not reactive with the epoxy resin component is essential 
because it contributes to the lowering of the viscosity of the resin, and, in combination with the surface 
active agent, brings about the substantially instantaneous coating of the particulate material with the resin in 
the presence of the gelled aqueous carrier liquid. 

The preferred non-reactive diluent is of low molecular weight, is miscible with the epoxy resin, is 

25 substantially immiscible with water and is selected from the group consisting of compounds having the 
structural formula: 



30 O 

Rl — L — OR, and 

O O 

II H 
Rl— C — OR2O — C — Ri 



wherein: 

40 R is (C n H 2n +i) and n is an integer in the range of from about 1 to about 5; 

R1 is (C m H 2m +i) and m is 0 or an integer in the range of from 1 to about 4, or R1 is 



45 
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and y is an integer in the range of from 1 to about 4, and X is independently H or OH; and 
50 R2 is CaHsa and a is an integer in the range of from 2 to about 5. 

Of the various compounds falling within the group described above, ethyl acetate, butyl lactate, ethyl 
lactate, amy! acetate, ethylene glycol diacetate and propylene glycol diacetate are preferred. Of these, butyl 
lactate is the most preferred. Butyl lactate has a molecular weight of 130 and a water solubility of 1 gram 
per 1 ,000 grams of water. 

55 Methyl alcohol, which is partially soluble in the polyepoxide resin, and other low molecular weight 
aJkanols also are useful second diluents. 

Other chemicals such as tetrahydrofurfuryl methacrylate and ethyl acetate can be either the first or the 
second polar organic diluent as each of these do satisfy the definitions of both types of diluents as set out 
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A specific preferred resin composition for use in accordance with the present invention is comprised of 
100 parts by weight of an epichlorohydrin and bisphenol A epoxy resin, butyl glycidyl ether present in an 
amount of about 11 parts by weight, butyl lactate present in an amount of about 8 parts by weight, a liquid 
eutectic mixture of primary aromatic amines, methylene dianiline and metaphenylene diamine diluted with 

6 about 22% by weight methyl alcohol present in an amount of about 38 parts by weight, N-beta 
(aminoethyl)-gamma-aminopropyltrimethoxysilane present in an amount of about 0.8 parts by weight, and 
the ethyl hexonate salt of dimethyl amino methyl phenol present in an amount of about 7 parts by weight. 
This resin composition has a viscosity of about 200 centipoises (0.2 Pa s), a working time of about 0.5 
hours and a cure time of about 8 hrs. at 80 -F (27 *C). When the accelerator (ethyl hexonate salt of 

10 dimethyl amino methyl phenol) is not present in the composition, it has a working time of about 2.0 hrs. and 
a cure time of about 84 hrs. 

In order that the invention may be more fully understood, reference is made to the accompanying 
drawings, wherein: 

FIGURE 1 is a schematic illustration of one system of apparatus for performing a method of the present 
75 invention; and 

FIGURE 2 is a schematic illustration of laboratory apparatus used for simulating the performance of a 
method of the invention in the field. 

In carrying out the method of the present invention, and referring to Figure 1 , an aqueous gelled carrier 

liquid is first prepared in a container 10 by combining a polysaccharide polymer of the type described 
20 above with fresh water, brine or seawater. The water and polymer are carefully mixed with slow agitation 

whereby the polymer is hydrated. Alternatively, the gel may be made from a concentrated solution of 

gelling agent as is known to those skilled in the art. 

A substantially continuous stream of the aqueous gelled carrier liquid from the container 10 is 

conducted by way of a conduit 12 to a mixing tub 14. Simultaneously, a continuous stream of liquid surface 
25 active agent of the type described above is preferably conducted from a container 16 to the conduit 12 by 

way of a conduit 18 connected therebetween. 

A substantially continuous stream of particulate material, e.g., sand, is conducted to the mixing tub 14 

from a container 20 by a conveyor 22 connected therebetween. 

The liquid epoxy resin composition described above may be premixed in a container 24, and a 
30 substantially continuous stream thereof is continuously conducted therefrom to the mixing tub 14 by way of 

a conduit 26 connected therebetween. 

Simultaneously with all of the above-described streams of components, a substantially continuous 

stream of liquid gel breaker is preferably conducted from a container 28 to the conduit 12 by a conduit 30. 

The liquid gel breaker combines with the gelled aqueous carrier liquid and the surface active agent flowing 
35 through the conduit 12 and is conducted therewith to the mixing tub 14. 

As indicated in the drawing, the liquid gel breaker or a powdered solid gel breaker can optionally be 

introduced directly into the mixing tub 14. Occasionally the gel breaker is handled in a solid form, either as 

a powder or as an adsorbate on inert particles, such as sand, salt or sugar. These can be directly 

introduced into the mixing tub. If desired to provide this flexibility, the conduit 30 can contain a shut-off 
40 valve 32, and a conduit 34 having a shut-off valve 36 disposed therein can connect the conduit 30 upstream 

of the shut-off valve 32 to the mixing tub 14 whereby the liquid gel breaker can be introduced directly into 

the mixing tub. However, as will be understood by those skilled in the art, any container-conduit 

arrangement can be utilized which brings the component streams described into the mixing tub 14 or 

equivalent mixing apparatus simultaneously. 
45 The component streams are intimately mixed in the mixing tub 14 and remain therein for a residence 

time of approximately 10 seconds. During such time, the particulate material is coated with the resin 

composition and suspended in the gelled aqueous carrier liquid. 

The gelled aqueous carrier liquid-resin coated particulate material slurry formed in the mixing tub 14 is 

withdrawn therefrom by way of a conduit 38 which conducts a continuous stream of the slurry to one or 
so more pumps 40. A conduit 42, connected to the discharge of the pumps 40, conducts the slurry to a 

conduit system disposed in a well bore and to a subterranean zone wherein the resin coated particulate 

material is to be deposited and consolidated into a hard permeable mass. If a crosslinker is utilized, it is 

added to the slurry downstream of the mixing tub 14, i.e., the crosslinker is conducted from a container 44 

to the conduit 38 by a conduit 46 connected therebetween. 
55 The resin coated particulate material can be utilized in the performance of gravel packing procedures or 

as a proppant material in fracturing treatments performed upon a subterranean formation. The resin coated 

particulate also can be utilized in the formation of controlled permeability synthetic formations within a zone 

of a subterranean formation. 
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Tap water 
Potassium chloride 
Sodium diacetate 
Hydroxypropyl guar 1 (HPG) 
p.imaricacid 


1 liter 
20 grams 
1 .2 grams 
4.8 grams 
0.5 grams 


^^^propylene oxide substituents per Py .— 
unit. t 



as Procedure: e , solution . The 

K tTe range of about 6.8 to about 7.5. 
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Tests are conducted using samples of the HPG gel formed above, together with other ingredients. 



Formulation: 

HPG gel 

Surfactant mixture 1 
Resin composition 2 
Ottawa Sand 40/60 mesh (USS) 
1 Surfactant Mixtures 
Amyl alcohol 

Cationic surface active agent 
(previously described) 



250.00 ml 
0.25 ml 
21.00 ml (1.148 gm/ml) 
450.00 grams 

45 parts by weight 

of mixture 
10 parts by weight 

of mixture 



Non cationic surface active agent 45 parts by weight 
(previously described) of mixture 

Resin Compositions 

EPON 828 (Shell Chemical Company) 100 parts by weight 
- reaction product of 
epichlorohydrin and 
Bisphenol A 
Hardener Blend 

* eutectic mixture of primary 
aromatic amines, meta- 
phenylene diamine, methylene 
dianiline (about 78% by weight 
of hardener blend) 

• methyl alcohol (about 22% by 
weight of hardener blend) 



42 parts by weight 
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Silane Coupling Agent 

. n-beta-(aminoethyl)-gami»*- 
aminopropyltrimethoxysilane 



0.66 parts by weight 



ftJI ..MM* 1 

Uliucuv - 
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Diluent 2 

• non-reactive 
diluent (varies) 



Variable parts 
by weight 
Variable parts 
by weight 
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Procedure: in a beaker 

The ingredients are mixed together to form slurries -*£JJ " ~ al «, minutes. Each slurry 
andin tSr^J to a laboratory ^nsistome^P and ^rred ^ of the sand. The 

to examined visually and poured into ""^J^JZJla stoppered at one end. The sand .n 
conSation tubes are glass tubes for 20 hours at the temperature Mctfg 

each slurry within each tube «_ the consolidated sand samples are tested for 

- s - 9iven in Tab,e ' 
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50 

From Table I rt can be seen that the consolidations having the highest compressive strength contain 
both a reactive and a non-reactive diluent in the resin composition and that when the resin composition 
contains a butyl glycidyl ether reactive diluent and butyl lactate non-reactive diluent, an excellent consolida- 
55 tion is achieved. 
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Example 2 

Test, are conducted to determine the sand coaxes - various resin composes in the presence 
of water gelled with hydroxypropylgua, r ant la w**^ e 42 to 25 mm) ottowa 

250 cm' samples of aqueous V[™™^°£ZT£" n m quantities described in Example 1. The 
sand are prepared in accordance ^.""^"ZZla ^ added to the gel surfactant sand samples 
resin compositions described in Table II below are preparw an^ ^ ^ compositio „. each mixture « 
in amounts of 28 ml of resin common £ by ^ observation. That is, the resin 

stirred in a beaker and the tome for coating J take p.ace ^ jg ^ resin 

*: ST* - , using *» ^S55 £3 M 



20 



25 



30 



35 



40 



46 



50 



55 



12 



EP 0 313 243 B1 



TABLE II 



Test 
No. 



COATING TIMES OF VARIOUS RESIN COMPOSITIONS 
Amount 
in Resin 
Composition, 
Resin Formulation Parts by Mixing 

Components Weight Time 



Compressive 
Strength 



epoxy 1 * 3 
butyl lactate 
cresyl glycidyl 

ether 
methyl alcohol 
hardener 2 

epoxy 1 ' 3 
butyl lactate 
cresyl glycidyl 

ether 
methyl alcohol 
hardener 2 

epoxy resin 1 * 3 
butyl lactate 
cresyl glycidyl 

ether 
methyl alcohol 
hardener 2 

epoxy resin 1 *3 
butyl lactate 
cresyl glycidyl 

ether 
methyl alcohol 
hardener 2 

epoxy resin 1 ' 3 
butyl lactate 
cresyl glycidyl 

ether 
methyl alcohol 
hardener 2 



55 



15 
6 
20 



55 



15 
6 
20 

55 
4 

15 
6 
20 

55 
4 

15 
6 
20 

55 
4 

15 
6 
20 



about 5 see, 



1 to 5 sec, 



5 sec 



10 sec 



60 sec 



Not run 
sample 
coated 



Not run 
sample 
coated 



2206 psi 
(15.2 MPa > 



2950 psi 
(20.3 MPa) 



3100 psi 
(21.4 MPa) 



Ishell Chemical Co., EPON 828 

2Liquid eutectic mixture of primary aromatic amines, methy- 
lene dianiline (79% by weight) and meta-phenylene diamine. 

3 A11 tests had 0.5 parts by weight 

N-beta-(aminoethyl)-gamraa-aminopropyltrimethoxysilane 



Example 3 

A test is run to determine the compressive strength of a sand consolidation formed in accordance with 
the present invention at a temperature of 250* F (121 *C). A gelled aqueous carrier liquid is prepared by 
adding 9.6 grams of hydroxyethylcellulose (D.S. of 2.5) to one liter of fresh water having 30 grams of 
potassium chloride dissolved therein. After hydration of the hydroxyethylcellulose, 4 ml of surfactant blend 
comprised of 50 parts by weight amy! alcohol, 37 parts by weight non cationic surfactants and 13 parts by 
weight cationic surfactants is combined with the aqueous gel followed by 1800 grams of 40-60 mesh U.S. 
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15 



resumng s,urry is stirred in ^ 
consislometer cup and stirred for an -M"*" mmutes jn 1 for 48 hours al 

consolidation tube and allowed \™ m j£?Z^£. f (121 'O and the sample is allowed to 
170-F (77-C). The temperature » then gradually ra^o w 1 ^ hour ^ to room 

cure J an addMona. 48 hours. After ^""^^ ^ ta^ng. The sample is then gradually 

this test are given in Table III below. 

TABLE III 

COMPRESSIVE STRENGTH OF SAND CONSOLIDATION 

. „_«. p»rt8 Compressive Strength 

yS SUht P at 250»F (lll'O 



Resin Composition 
Components 



20 



26 



30 



epoxy 1 
butyl lactate 
butyl glycidyl ether 
Hardener 2 
coupling agent 3 
methyl alcohol 



60.0 
5.0 
6.0 

21.0 
0.5 
7.0 



2510 psi 
(17.3 MPa) 



1 Shell Chemical Co. EPON 828 
35 ..<„ mature of primary aromatic amines, methy- 

diamine 

. 3 B - b et.-(a.inoethyl)-9—.— inopropyitrl^thoxy.il.n. 



50 



Example 4 

Tests are conducted to determine the effect of order o, add«on of components on the compress 

forth in Example 1. To 250-mi.liliter ^«^^„ 9 ^T«celerator comprised of 2.4.6-tris 
described in Example 1. the resm ^™«J^J Various orders of introduction. The resulting 

dimethyl amino methy. phenol are ^f^^^ ****** to 3 ,aboratory con8istometer CUP 
slurries are each stirred for one m^e ***** ^"poured into a consolidation tube and alto wed I to 
^XTZITX^ZT^J^ « TabE PV below. The compressive strength o, the 



cure tot uw w»w — . 

55 resulting consolidations are determined. 
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The results of these tests are given in Table IV below. 

TABLE IV 

EFFECT OF ORDER OF ADDITION OS COMPRESSIVE 
STRENGTH OF CONSOLIDATIONS 



Cure 



Compressive 



Order of Addition to Gel 



Tune, Tempera- Strength, 
hr ture psi MPa 



Surfactant 



Surfactant 



Surfactant 



Surfactant 



Surfactant 
and DMP-30 



2 

Sand 
Sand 
Sand 
Sand 

Sand 



Surfactant Resin 

(including 
DMP-30) 



Resin 
(including 
DMP-30 1 ) 

Resin 
( including 
DMP-30) 

Resin 
( including 
DMP-30) 

Resin 
( including 
DMP-30) 



Resin 
Sand 



20 



Op OQ 

80 27 



20 100 38 



20 
48 

20 
24 



140 60 



140 60 



80 27 
120 49 



2840 19.6 

3160 21.8 

3940 27.1 

5660 39.0 

1220 8.4 

5360 36.9 



1 DMP-30 is 2,4,6-tris dimethylamino methyl phenol, an accelerator. 



Example 5 

The laboratory system illustrated schematically in Figure 2 is used to simulate the equipment used in 
actual field operations and for carrying out the methods of this invention. The system is comprised of a 
gelled aqueous carrier liquid container 50 connected by tubing 52 to the suction connection of 1/3 
horsepower (249W), 3,425 rpm centrifugal feed pump 54. A shut-off valve 56 is disposed in the tubing 52. 

A liquid surfactant blend container 58 is connected to the suction connection of a concentric cam fluid 
metering pump 60 by tubing 62 having a shut-off valve 64 therein. The discharge connection of the pump 
60 is connected to the tubing 52 by tubing 66. The discharge connection of a 50 cm 3 syringe pump 68 for 
injecting liquid gel breaker is connected by tubing 70 to the tubing 52. 

The discharge connection of the feed pump 54 is connected by tubing 72 to a 450 cm 3 over-flow 
mixing tub 74 equipped with an electric stirrer 76. 

A liquid resin composition container 78 is connected to the inlet connection of a concentric cam fluid 
metering pump 80 by tubing 82 having a shut-off valve 84 disposed therein. The discharge of the pump 80 
is connected by tubing 86 to the tubing 72. 
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15 



20 



25 



A sand container 88 to positioned ~ - -^^J^Ssf * "* ^ " 
is disposed in the outlet 90 which is potfOMd Ito ' J^^,™ the pumps 54. 60. 68 and 80 are 

wCa test run is made, the vaives^.M^dM ^ mpositJon , surfac tant b.end 

started whereby continuous streams of B*£J5K *Ei*0 tub 74. Simultaneously, a continuous 
id gel breaker, at desired flow rates, are ^pumped I ,nto the mm ■ go at a desired flow rate. 

d^a^^"- S3 — - 8,uny * formed ,n the 

mtatitsg sub 74. • - M u.h 7a overflows the tub conducted by way of tubing 94 conn^*** 

lirj^^^rS SEtftfS. ~ cn^cdon - a b* ^ 

JX7SSXZ SSS 

^^gMet.c^cjn^U^^ ^ ^ ,„ e^u, out «o osing d» 

The various component streams «.« 
laboratory apparatus described above are as follow* us carrjer liquid IS 

,atW Qe.l^"eous carrier Hquid J^^^Z^^^ * 40 1 *»»* n> 
comprised of a 2% KCI brine gelled ^^^S7ZZb6 from the container 50 to the feed pump 
(4.8 kgAi.3) of brine, "me gelled aquec^s carr«r ""J^ to 3 . 8 x 10 -a m») per minute whereby 

54 at a flow rate of 1/2 gallon per minute to \^^ f ^ m of *„ container 50 is necessary^ 
continuous flow can be sustained taM l««J- ^ 3 ^ resjn compositi on is introduced .nto 
The liquid resin composition used ,s descn^ m t^amw- varied to 56 cm 3 ^ 

toe container 78. and the flow rate -"S^J^Jw?. varied rate of 1 pound to 4 
Suite. Sand from the container 88 «^tin^L S of about 0 to 0.6 gallons (0 to 2.3 x 10- 
pounds (0.45 to 1.81 kg) per minute whereby a ^ ^nTresults in the mixing tub 74. 
m=>) of resin composition per 1M pour^(45.4^ot sano ^ ^ ^ pumped t0 

1 .r^^rsi™™ sz 

cm 3 per minute. . solution of titanium triethanolamine with 50% by 

The crosslink* utilized is prepared by « a ^uno when used, the crosslinks » 

volume tap water at least 30 minutes an Mrt t more M £j» ^ ^ Q ^ ^ QJJ cm3 „, 

pumped into toe slurry flowing through the tubing 94 at a ra 
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without cross-linker are given in Table V below. 
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Example 8 



crosslinker used and the cure temperature are v*i.ou 
below. 
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Example 7 



, ^ c „ m «i* a i. r«neated except that the surfactant utilized is comprised of an aqueous 
dissolved therein in an amount of about 7 P*" u natitt b waioht . cr0SS iinker is titanium 



;o below, 
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10 



T.e procedure of Example 6 is ^'^VK ES'ffid 
50 pound, of hydrox^^l^ ^CKWg^nsJS ^ of bnnj^ 9 ^ ^ ^ ^ by 

enzyme breaker solution (1 gram ^^^Zr ZLce active agents described previously herein 
weSht isopropy. ateohoi ^«^«c surface a£ve surface ^ agents 

ess K"^-- 1 - ^ » by wei9ht The resute 01 tests 



are given in Table VIII below. 
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While that which is considered to be the preferred embodiments of the invention hs been described 
hereinbefore, it is to be understood that modifications and changes can be made in the methods and 
compositions without departing from the scope of the appended claims. 

Claims 

1. A method of providing, throughout a period of time, a continuous supply flow of resin-coated particulate 
material suspended in an aqueous carrier liquid, which comprises forming a mixture of components 
including an aqueous carrier liquid gelled with a polysaccharide polymer of molecular weight at least 
100,000, a particulate material, a surface active agent including a non-cationic surfactant, and a resin 
composition which will subsequently harden, to coat the particulate material with the resin composition 
and to suspend it in the gelled aqueous carrier liquid, the resin composition comprising a hardenable 
polyepoxide resin, a hardening agent for the resin and a diluent for the resin; characterised in that: the 
components are supplied as continuous flows throughout said period into said mixing vessel whereby 
said mixture is continuously formed throughout said period, the mixture as formed is continuously 
withdrawn from said vessel throughout said period to provide a continuous supply flow thereof at a rate 
equal to the sum of the flow rates of the components, and wherein the polysaccharide polymer has a 
molecular weight of no more than 4,000,000, the diluent for the resin comprises a diluent reactive with 
the epoxy resin component and a diluent non-reactive with the epoxy resin component whereby the 
viscosity of the resin composition is in the range 100 to 800 centipoises (0.1 to 0.8 Pa s) and the 
amount of resin composition is from 1 to 20 weight parts per 100 weight parts of particulate material. 

2. A method according to claim 1, wherein the non-cationic surfactant is selected from ethoxylated fatty 
acids produced by reacting fatty acids containing from 12 to 22 carbon atoms with from 5 to 20 moles 
of ethylene oxide per mole of fatty acid, and mixtures of said ethoxylated fatty acids with unreacted 
fatty acids. 

3. A method according to claim 1 or 2, wherein a cationic surface active agent is also included in the 
mixture. 

4. A method according to claim 1,2, or 3. wherein the non-reactive diluent is selected from compounds 
having the structural formula: 



U it u 

Ri- C-OR or Ri- C - 0R 2 0 - C— Ri 



wherein 

R is (C n H 2 n+i) and n is an integer of from 1 to 5; 

Ri is (C m H 2m+ i) and m is O or an integer of from 1 to 4 or Ri is i CHX > y CH 3 where y is an integer 
of from 1 to 4 and X is H or OH; and 

R2 is an alkylene group C a H 2 . where a is an integer of from 2 to 5. 

5. A method according to claim 1,2,3 or 4, wherein the reactive diluent is selected from butyl glycidyl 
ether, cresol glycidyl ether, allyl glycidyl ether and phenyl glycidyl ether. 

6. A method according to any of claims 1 to 5, wherein said polyepoxide resin comprises the condensa- 
tion product of epichlorohydrin and bisphenol A, and said hardening agent is a liquid eutectic mixture of 
primary aromatic amines, methylene dianiline and metaphenylene diamine diluted with a water-soluble 
solvent. 

7. A method of treating a subterranean zone, wherein the supply produced by the method of any of 
claims 1 to 6. is introduced continuously as it is formed into a zone in a subterranean formation; and 
said resin composition is allowed to harden whereby said particulate material is caused to form a hard 
permeable mass in said zone. 
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a A method according to claim 7, wherein said zone is a wellbore penetrating said subterranean formation 
or a fracture created or present in said subterranean formation. 

PatentansprtJche 

1. Eine Methode zur Bereitstellung eines kontinuierlichen Versorgungsstroms von kunststoffbeschichtetem 
PartikelmateriaJ Qber eine Zeitdauer, wobei das Partikelmaterial in einer wMBrigen TrMgerlttsung suspen- 
diert ist die die Bildung einer Mischung von Komponenten umfaflt, einschlieSlich einer wSBrigen 
TragerfiOssigkeit, die mit einem Polysaccharidpolymer mit einem Molekulargewicht von wenigstens 
100.000 geliert ist, einem Partikelmaterial, einem oberflMchenaktiven Mittel einschliefllich einem nicht- 
kationischen oberfldchenaktiven Mittel, und einer Kunstharzverbindung, die anschlieBend erhMrtet, zur 
Beschichtung des Partikelmaterials mit der Kunstharzverbindung und zur Suspendierung derselben in 
der gelierten wSBrigen TrSgerflUssigkeit, wobei die Kunstharzverbindung ein erhMrtbares Polyepoxid- 
harz, ein HMrtungsmittel fOr den Kunstharz und ein VerdUnnungsmittel ftlr den Kunstharz enthait, 
charakterisiert dadurch, daB die Bestandteile als kontinuierliche Strtfme Ober besagte Zeitdauer in 
besagtes MischgefSB geliefert werden, wobei diese Mischung kontinuierlich Uber die genannte Zeitdau- 
er gebildet wird, die gebildete Mischung kontinuierlich Ober die genannte Zeit von dem besagten GefMB 
abgezogen wird, urn einen kontinuierlichen Versorgungsflufl hiervon mit einer DurchfluBmenge zu 
liefern, die gleich der Summe der Durchflufimengen der Bestandteile ist. und worin das Polysaccharid- 
polymer ein Molekulargewicht von nicht mehr ais 4.000.000 aufweist, das VerdUnnungsmittel fUr den 
Kunstharz ein VerdUnnungsmittel aufweist, das reaktionsfShig gegenUber der Epoxidharzkomponente 
ist, sowie ein VerdUnnungsmittel, das nicht reaktionsfMhig gegenQber der Epoxidharzkomponente ist, 
wobei die ViskositSt der Kunstharzverbindung im Bereich von 0,1 bis 0,8 Pa s (100 bis 800 Centipoise) 
liegt, und die Menge der Kunstharzverbindung von 1 bis 20 Gewichtsteile je 100 Gewichtsteile des 
Partikelmaterials aufweist. 

2. Eine Methode nach Anspruch 1, wobei das nicht-kationische oberflMchenaktive Mittel aus ethoxylierten 
fettigen SMuren gewShlt wird, die durch Reagieren von fettigen SSuren, die von 12 bis 22 Kohlenstoff- 
atome enthalten, gegenUber 5 bis 20 mol Ethylenoxid je Mol fettiger Sflure und Mischungen der 
genannten ethoxylierten fettigen SSuren mit unreagierten fettigen Sduren, erstellt werden. 

a Bne Methode nach Anspruch 1 oder 2, bei der ein kationisches oberfldchenaktives Mittel ebenfalls in 
der Mischung enthalten ist. 

4. Eine Methode nach Anspruch 1, 2 oder 3, bei der das nicht-reaktionsfShige VerdUnnungsmittel aus 
Verbindungen ausgewMhft wird, die folgende struktureile Formel aufweisen: 



Hierbei ist R gleich (C 5 H 2n +i). und n ist eine ganze Zahl von 1 bis 5; Ri ist = (C m H 2m +i)> und m ist 0 
oder eine ganze Zahl von 1 bis 4 oder Ri ist = CHX y CH 3| wobei y eine ganze Zahl von 1 bis 8 und X 
= H oder OH ist; und 

Ra ist eine Aikylengruppe C a H 2 «. wobei a eine ganze Zahl von 2 bis 5 ist. 

5. Eine Methode nach Anspruch 1, 2. 3 Oder 4, bei der das reaktionsfShige VerdUnnungsmittel aus 
Butylglyzidylether, Cresolglyzidylether, Ailylglyzidylether und Phenylglyzidylether ausgewShlt wird. 

& Gne Methode nach einem der AnsprUche 1 bis 5, bei der das genannte Pofyepoxidharz das 
Kondensationsprodukt von Epichlorhydrin und Bisphenol A enthSIt und der genannte HMrter eine 
flQssige eutektische Mischung von primMren aromatischen Aminen, Methylendianilin und Metaphenylen- 
diamin ist die mit einem wasserldsiichen Ldsungsmittel verdUnnt wird. 

7. Eine Methode zur Behandlung einer unterirdischen Zone, bei der die nach einer der Methoden unter 
Anspruch 1 bis 6 hergestellte Versorgung wShrend der Bildung kontinuierlich in eine Zone einer 



O 
II 

Rj - C - OR oder 



O O 
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genannten Zone veranlaBt wird. 

» Pin wahran nach Anspruch 7, bei dem die besagte Zone ein Bohrloch 1st, das in die besagte 
1 ^^fSSJS!S earing, oder ein Bruch, der in der besagten unterirdischen Sch,chten- 
gruppe erzeugt wird bzw. vorhanden ist 

Revendlcations 

1 u«* methods oour produire. pendant une p^riode donnee, un d6bit continu de materiau particulaire 

7^ ZS ioVmu unmateriau particulaire. un agent de surface comprenant un surfactant non 
d'au moins 100 000. un mm ™ »»™ • * tfenduire le matSriau particulaire du 

Z&SZEEl u^dTe ZXZSZL, aqueux et geHtie. .e compose de resine 
JSilTJw "sine po&poxyde durcissable. d'un agent durcisseur pour la resine et d'un 
&ant constitute a une resine pu^ r » suivante . , e3 composants sont produits sous forme d'ecoule- 
diluant pour la * 8 ' ne J^.^ ladKe cuve de melange, le melange 

STfSTcSSi^S: ladto pedoTetTe melange forme etant retire continuellement de 
Slant forme en con* nu pa noam ^ . d6bit k une vite sse d'ecoulement 

L 3d, e ^ deTvrt^ decoulemert des composants. la masse moieculaire du polymere 

x i ^iH^ita+irtn 1 nui consists k selectionner le surfactant non cationique & 

5 T20 mX d-Syde dethyiene par mole d'acide gras. et des melanges desdrts acdes 

gras ethoxyfcs avec des acides gras non reagis. 
3. une methode conforme aux solicitations 1 et 2, qui consiste a inclure egalement un agent de surface 

cationique dans le m6lange. 
4 une methode conforme aux solicitations 1. 2 et 3 qui consiste a selectionner le diluent non reactif a 

partir de composes ayant la formula structurelle suivante: 



O 
II 

R, _C OR OU 

O O 
II II 

R, _C _OR 2 0 _C _R, 



OCi: 



• 



i 5. 



R est (C„H 2o + 1 ) et n est un nombre entier compris entre 1 et 5; 

R, est CWL + 1) et m est O ou un nombre entier compris entre 1 et 4. ou R, est { CHX > y CH3 
o0yestunnOTbreentierdela4etXestHouOH;et 

R2 est un groupe alkylene C.H*. ou a est un nombre entier de 2 a 5. 

^nfnrma aux sollicitations 1 . 2. 3 ou 4 qui consite a selectionner le diluant reactif a partir 
t^TZXZw. SErT^o.' glycidyte. dither d'allyle g.ycidy.e et d'ether de phenyle 
glycidyle. 



26 



EP 0 313 243 B1 



Une m6thode conforms aux sollicitations de 1 h 5 quelle qu'elle sort et selon laquelle ladite rgsine de 
poly6poxyde comprend le condensat de l'6pichlorohydrine et du bisph£nol A, et ledrt agent durcisseur 
est un melange liquide eutectique d'amines aromatiques primaires, de dianiline de mSthyl&ne et de 
diamine de m6taph6nyldne dilud dans un solvant soluble dans I'eau. 

Une methods permettant de traiter une zone souterraine et consistant & introduire le produit obtenu par 
Tune des m£thodes des sollicitations 1 & 6 quelle qu'elle soit, de fagon continue et au fur et & mesure 
qu'il est form$, dans une zone de formation souterraine; et de laisser durcir ledit compost de lysine, le 
matdriau particulaire formant ainsi une masse dure et permeable dans ladite zone. 

Une mdthode selon la sollicitation 7, selon laquelle ladite zone est un puits foreur p£n£trant ladite 
formation souterraine ou une fracture cr66e ou existant d6j& dans ladite formation souterraine. 
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